INTRODUCTION
(relieves vomiting), anti-tumor and anti-fertility, and treatment of coronary heart disease (Drugs institute of Chinese Academy of Medical Sciences, 1993) . P. ternate can also be used as antimicrobial agent . Naturally, it has garnered much attention locally as well as globally; with Japan and Southeast Asian countries importing this herbal medicine mainly from China (Luo and Peng, 2005) .
Phytochemical study of the rhizome of P. ternate by RP-LC and isolation of four phenylpropanoids -(E)-pcoumaryl alcohol, 3,4-dihydroxycinnamyl alcohol, sachaliside 1, and coniferin from the rhizome, have been reported (Han et al., 2006) . The Pinellia ternate agglutinin (PTA), a monocot mannose-binding lectin that catalytically agglutinated rabbit erythrocytes, was also isolated from the tubers of Pinellia ternate. The potential effect of PTA has gained considerable interest in recent years owing to the clinical use of native PTA against cancer and for protecting plants from insect pests. A successful strategy to allow high-level expression of PTA as inclusion bodies in Escherichia coli M15 has been reported (Lin et al., 2003) . Pinellia ternate agglutinin gene was transformed into wheat to render increased resistance to oriental armyworm and aphid (Yu and Wei, 2008) .
In the recent years, the wild resource of P. ternate is at the brink of exhaustion because of excessive usage (Mao and Peng, 2003) . P. ternate can be propagated through tubers, seed-breeding and buds, but the coefficient of reproduction is lower. Micropropagation techniques play an important role in propagule production for cultivation and conservation of different medicinal plant species such as Eucommia ulmoides (Wang et al., 2003) , Salvia africana-lutea L. (Makunga and van Staden, 2008) , Catharanthus roseus (Dhandapani et al., 2008) .
In vitro culture of P. ternate has been reported (Shoyama et al., 1983; Ren et al., 1983; Zeng et al., 1995; Luo et al., 2000; Mao and Peng.2003; Xue et al., 2004; Fan et al., 2005; Chang et al., 2007; Peng et al., 2007) where petiole or leaves were used as explants, and tubers were induced directly. However, the induction and reproduction process at various combinations of regulators, as well as other aspects of culture has not yet been studied thoroughly. In this paper, a successful and efficient protocol for the induction of tuber from petiole and leaf of P. ternate was developed, and the responses of explants to various plant growth regulators were also discussed.
MATERIALS AND METHODS

Plant material and preparation of sterile plantlets
Stem tubers of P. ternate collected from Xihe, Gansu province of China, were used as initiation material in this study. The tubers were thoroughly washed with tap water, and surface sterilized with 75 % alcohol for 30 s and 0.1 % (w/v) mercuric chloride solution (HgCl 2 ) for 20 min and then rinsed 3 times with sterile deionized water. They were inoculated vertically in 100 ml triangle glasses (3-5 tubers per glass) with 30 ml of MS medium (Murashige and Skoog, 1962) , supplemented with IAA, NAA or 2,4-D (1.0 mg l -1 ), sucrose 30 g l -1 , and agar 7 g l -1 . The pH of the medium was adjusted with 1 M NaOH to 5.8 before being autoclaved at 121 ºC for 20 min. and the sterilized tubers were cultured under illumination (30-40 mol m -2 s -1 ) at 25-26 ºC.
Micro-tuber induction
Petiole (0.5-1.0 cm) and lamina (0.5 cm×0.5 cm) cutting from sterile plantlets of P. ternate were used as explants and cultured on MS medium. Testing of the effect of various concentrations of different plant growth regulators on micro-tuber induction was performed on the MS medium supplemented with IAA, NAA, 2,4-D, 6-BAP, KT and ZT at various concentrations (0.2, 0.5, 1.0, 2.0 mg l -1 ), alone, enriched by sucrose 30 g l -1 and agar 7 g l -1 . In all cases, the pH of the medium was adjusted with 1 M NaOH to 5.8 before being autoclaved at 121 ºC for 20 min.
Petri dishes (10 cm in diameter) were used to culture the petiole and lamina explants, each containing 30 ml of culture medium with 10 explants inoculated per dish. All cultures were incubated under 30-40 mol m -2 s -1 light provided by a white, cool fluorescent tube at a photoperiod of 12 h at 25-26 ºC. After 4 weeks of culture, callus induction rate and micro-tuber induction rate was calculated.
Acclimatization
Regenerated plantlets were washed carefully in running tap water to remove the traces of agar and transferred to pots containing peat moss and vermiculite (2:1). The plantlets were initially irrigated with quarter-strength inorganic salts of MS medium for 2 weeks followed by tap water. Potted plantlets were grown in room conditions (25-26 °C) for 2 weeks and acclimatized plantlets were transferred to the greenhouse.
Data analysis
LSD values were calculated at a 5 % significance level. Micro-tuber induction rate (number of the explants forming tubers / total number of explants cultured × 100) and callus induction rate (number of the explants forming callus /total number of explants cultured × 100) were calculated for the explants that had been cultured for 4 weeks.
RESULTS AND DISCUSSION
The effect of different plant growth regulators on germination of stem tubers Stem tubers of P. ternate germinated in one week on the medium supplemented with growth regulators and shoot proliferation took place four weeks later. When IAA 1.0 mg l -1 was present in MS medium, tubers germinated and grew rapidly without any significant differences in morphology, as compared to the tubers growing on regulator-free medium. When NAA 1.0 mg l -1 was added into MS medium, roots induced radially and changed into coarse and green. On MS medium with 1.0 mg l -1 2, 4-D induced roots became rough and short, with a large number of villi and a little callus. In order to get higher plantlets induction, medium supplemented with IAA and NAA was much better than medium with 2,4-D.
The induction effect of 2,4-D Different concentrations of 2,4-D showed different induction effects on explants. Lower concentration of 2,4-D was in favour of induction of micro-tubers. When concentration of 2,4-D was as high as 0.2 mg l -1 , microtuber induction rates of petiole and leaf were 100 % and 89.4 % respectively. Induction rates of petiole and leaf decreased to 80.6 % and 77.8 % when 0.5 mg l -1 2,4-D was supplemented in the medium. Many green micro-tubers were induced on the surface of explants and most of the explants were completely covered with small tubers. High concentration of 2,4-D was conducive to callus induction. When the concentration of 2,4-D increased to 1.0 mg l -1 , the pale yellow callus could be induced at the rates of 93.3 % and 63.6 % for petiole and leaf, respectively. When 2,4-D concentration increased to 2.0 mg l -1 , the callus formed rough and short roots with villi and the callus induction rates of petiole and leaf increased to 100 % and 98.2 % (see table 1 and figure 1 A-C).
The induction effects of IAA
Low concentration of IAA was efficient for the induction of micro-tubers. When the concentration of IAA was as high as 0.2 mg l -1 , micro-tuber induction rates of petiole and leaf were 81.8 % and 92.0 %, respectively. With the concentration of IAA increasing to 2.0 mg l -1 , microtuber induction rates of leaf decreased sharply to 22.5 %, while callus induction rates of petiole and leaf were 40.7 % and 2.5 % and many roots were induced on the callus. The results showed that high concentration of IAA was more conducive to callus induction for petiole explants, inhibiting differentiation of tubers for leaf explants (see table 1 and figure 1 D-E) .
The induction effects of NAA
NAA can promote the formation of more tubers and roots (see figure 1F) . When the concentration of NAA was at 0.2 mg l -1 , micro-tuber induction rates of petiole and leaf were 94.5 % and 96.0 %, respectively. With the increasing concentration of NAA, the induction rates of micro-tubers decreased gradually, while callus induction rate increased. When the concentration of NAA increased to 2.0 mg l -1 , micro-tuber induction rates of petiole and leaf decreased to 52.3 % and 40 %, while the callus induction rates of petiole and leaf were 91 % and 36 %, respectively (see table 1 ). These results showed that low concentration of NAA was suitable for differentiation of micro-tubers and roots, and high concentration of NAA was efficient for callus induction. This result was similar to the report of Fan et al. (2005) .
Contrary to our results in Dioscorea nipponica, micro-tubers were also produced when the concentration of NAA was at 0.5-2.0 mg l -1 (Chen et al., 2007) . However, the percentage of micro-tubers increased with increasing of NAA from 0.5 to 2.0 mg l -1 and high concentrations of NAA promoted the formation of more and heavier micro-tubers of D. nipponica, which confirm the different responses of plant species to different plant growth regulators.
The induction effects of 6-BAP
Lower concentration of 6-BAP was conducive to the induction of micro-tubers. When concentration of 6-BAP was as high as 0.2-0.5 mg l -1 , micro-tuber induction rates of petiole and leaf were 94.1-100 % and 96.0-100 %. When the concentration of 6-BAP increased to 2.0 mg l -1 , micro-tuber induction rates of petiole and leaf decreased to 58.2 % and 60.0 %, while callus induction rates of petiole and leaf increased to 62.3 % and 70.0 %, respectively. Green callus formed from both ends of petioles and edges of leaves (see table 1).
To find out the high efficiency technical system for rapid propagation of P. ternate, the petioles were cultured on different media. The results from previous studies indicated that MS medium with 0.5 mg l -1 6-BAP and 0.2 mg l -1 NAA was appropriate to microtuber induction and an increased number of tubers of better quality can be induced from the petioles (Li and Wang, 2008) . This report indicated the combinatorial effect of 6-BAP and NAA but without any independent effect of 6-BAP or NAA.
The induction effects of KT
Micro-tuber induction rates of petiole and leaf were 73.8 % -83.0 % and 35.3 % -75.0 % respectively with different concentrations of KT. Higher concentration of KT supported callus formation from the petioles. When the concentration of KT increased to 2.0 mg l -1 , callus induction rate of petiole was as high as 50.9 %, but the leaves did not form any callus (see table 1 ).
The induction effects of ZT
Micro-tuber induction rates of petiole and leaf were 73.8-86.7 % and 78.4-86.0 % respectively with different concentrations of ZT. With the increasing of concentration, callus induction rate increased. When the concentration of ZT increased to 2.0 mg l -1 , the callus induction rates of petiole and leaf increased to 48.9 % and 29.4 % respectively (see table 1 ).
Pathways to the formation of micro-tubers
The plantlets of P. ternate could regenerate from the lamina and petiole directly without the callus phase. According to Xu et al. (2005) , the MS medium with 2.0 mg l -1 6-BAP and 0.1 mg l -1 NAA was optimal for the induction of clustered shoots from explants of lamina, and the MS with 2.0 mg l -1 6-BAP and 0.25 mg l -1 NAA was the best for the explants of petiole. Lee and Lee (2003) reported that the optimum growth regulator concentration for regeneration from totipotent callus of Cypripedium formosanum was found to be 4.44 mM 6-BAP, where the highest percentage of protocorm-like body (PLB) formation was 96.2 % and the maximum number of PLBs per explant was 13. The medium without growth regulators or containing 2, 4-D alone resulted in PLB formation, but with a lower number of PLBs. On this medium, most callus turned yellowish green and became compact in appearance under illumination that gave rise to a lower percentage of PLB formation (11.1-12.9%).
To study the effects of different factors on direct induction of micro-tubers, petiole and leaf explants of P. ternate were cultured in different MS medium using the orthogonal design method. The result showed that the optimal medium for direct induction of micro-tubers from leaves were MS with 0.5 mg l -1 6-BAP and MS with 0.5 mg l -1 6-BA and 0.5 mg l -1 IAA . Our results were similar to this report.
There were two ways to form micro-tubers in our test. One way is micro-tuber formation directly from petioles and leaves explants without callus. The other way is callus formation form petioles and leaves explants at first and then micro-tuber formation from the callus (see figure 2A-D) .
Polarity of petiole
Most petioles showed polarity during the cultivation of explants, whether supplemented with different concentrations of auxin or cytokinin in the MS medium. Micro-tubers or callus formed only at the bottom when petioles were inoculated horizontally or vertically (see figure 3A-D) . This may be related to the different distribution of the hormones in the explants.
The formation of plant tubers is an extremely complex process, involving plant growth, development, metabolism, and a series of dynamic changes. IAA can promote the formation of tubers, and the increase of endogenous IAA is conducive to the formation of tubers. Jarvis et al. (1983) also confirmed that the increased concentration of IAA induced the increased synthesis of RNA, which translated specific proteins and induced the formation of tubers.
To explore the physiological and biochemical mechanism of tuber development, analysis of variation and function of five endogenous hormones (IAA, GA 3 , ABA, ZR and JA) in the formation of micro-tubers of P. ternate in vitro has been studied by Chang et al., (2007) . The results showed that all the microtubers grew in the physiological upper ends when the petioles were inserted upside down. Enzyme linked immunosorbent assays showed that the content of endogenous hormones IAA, ABA, ZR and JA in the physiology of upper ends increased in the process of tuber formation, but GA 3 decreased sharply. With the formation of tubers, the balance of GA 3 and other hormones changed.
Acclimatization and transplantation of regenerated plantlets
As a result of our experiments, many micro-tubers induced and germinated into complete regenerated plantlets. Before the regenerated plantlets were transplanted into the field, the acclimatization of in vitro plantlets was necessary for adaptation to the environment. Regenerated plants were planted into small pots containing peat moss and vermiculite (2:1) for further growth in the solar greenhouse. After 30 d, more than 90 % plants survived (see figure1 G-H).
In conclusion, the independent effects of 2,4-D, IAA, NAA, 6-BAP, KT and ZT were studied in this paper, and the results showed that low concentrations of 2,4-D, IAA, NAA and 6-BAP were conducive to the formation of micro-tubers and did not promote the callus induction. High concentrations of growth regulators were efficient in callus induction but inhibited the formation of micro-tubers.
